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(57) ABSTRACT

A judgment unit judges the pass/taill of DUTs. A power
supply circuit has changeable characteristics, and supplies a
power supply signal to the DUTs. A condition setting unit
performs a pilot test before a main test for the DUTs, and
acquires a test condition to be used in the main test. The
condition setting unit executes: (a) measuring a first device
characteristic value for each of multiple pilot samples
sampled from among the DUTs while emulating a power
supply characteristic close to what 1s used 1n a user envi-
ronment 1n which the DUT 1s actually used; (b) measuring
a predetermined second device characteristic value for each
of the multiple pilot sample devices while emulating a
power supply characteristic close to what 1s used 1n a tester
environment in which the main test 1s performed; and (c)
determining the test condition based on the first and second
device characteristic values.
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1
TEST APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2012-221620, filed on Oct. 3, 2012, the
disclosure of which is hereby incorporated by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a test apparatus config-
ured to test a device under test.

2. Description of the Related Art

In a testing operation for a semiconductor integrated
circuit (which will be referred to as the “DUT” hereafter)
that employs CMOS (Complementary Metal Oxide Semi-
conductor) technology such as a CPU (Central Processing
Unit), DSP (Digital Signal Processor), memory, or the like,
clectrical current flows 1n a flip-flop or a latch included in the
DUT while 1t operates recerving the supply of a clock. When
the clock 1s stopped, the circuit enters a static state 1n which
the amount of current decreases. Accordingly, the sum total
of the operating current (load current) of the DUT changes
over time depending on the content of the test operation, and
so forth. Also, various kinds of analog circuits and various
kinds of analog/digital hybrid circuits also have a problem of
such a fluctuation in the operating current.

A power supply circuit configured to supply electric
power to such a DUT has a configuration employing a
regulator, for example. Ideally, such a power supply circuit
1s capable of supplying constant electric power regardless of
the load current. However, 1n actuality, such a power supply
circuit has an output impedance that is not negligible.
Furthermore, between the power supply circuit and the
DUT, there 1s an impedance component that 1s not negli-
gible. Accordingly, the power supply voltage fluctuates due
to fluctuation in the load.

[Related Art Documents]
| Patent Documents |
| Patent Document 1 |

Japanese Patent Application Laid Open No. 2007-205813
| Patent Document 2 |

International Publication WO 2010/029709A1 pamphlet

Typically, 1t 1s rare for the power supply performance
(power 1ntegrity) of a power supply circuit mounted on a test
apparatus to match that of a power supply circuit employed
in an environment i which the DUT 1s actually operated,
1.e., 1n an environment for a set on which the DUT 1s to be
mounted (actual equipment environment or user environ-
ment). Accordingly, there 1s a difference 1n the wavetform of
the power supply voltage supplied to the DUT between the
user environment and an environment used 1n the test (tester
environment). This leads to a problem in that the quality
(pass/fail) judgment result obtained in the tester environ-
ment does not match the quality judgment result obtained in
the user environment. Such a problem will also be referred
to as “divergence in the test results™.

FIGS. 1A through 1C are diagrams for describing the
divergence 1n the test results. In each of FIGS. 1A through
1C, the left-side diagram shows the power supply voltage
wavelorm, and the right-side diagram shows a histogram. In
the histogram, the horizontal axis represents a predeter-
mined device characteristic of a semiconductor circuit.
Examples of such a characteristic value include propagation
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delay. FIG. 1A shows the test result obtained in the user
environment. FIG. 1B shows the test result obtained in a
tester environment having a lower quality than that of the
user environment. FIG. 1C shows the test result obtained in
a tester environment having a higher quality than that of the
user environment.

The limit value LMT 1n FIGS. 1A through 1C corresponds
to a threshold value used 1n the quality judgment. In this
case, the device characteristic values plotted on the left side
of the limit value are each determined as “pass”. On the
other hand, the device characteristic values plotted on the
right side of the limit value are each determined as ““fail”.
However, as shown in FIG. 1B, 1n a case of performing the
quality judgment in a tester environment having a lower
quality than that of the user environment, DUTs to be judged
as “pass” 1n the desired test are judged as “fail”. This leads
to yield loss (overkall).

Conversely, as shown 1n FIG. 1C, 1n a case of performing,
the quality judgment 1n a tester environment having a higher
quality than that of the user environment, DUTs to be judged
as “fail” 1n the desired test are judged as “pass”. This leads

to a problem of test escape (underkall).

SUMMARY OF THE INVENTION

The present mvention has been made in order to solve
such a problem. Accordingly, 1t 1s an exemplary purpose of
an embodiment of the present imnvention to provide a test
apparatus and test method configured to be capable of
reducing divergence 1n the test results.

An embodiment of the present invention relates to a test
apparatus configured to test a device under test. The test
apparatus comprises: a judgment unit configured to judge a
pass/fail of the device under test; a power supply circuit
configured to allow a characteristic thereof to be changed,
and to supply a power supply signal to the device under test;
and a condition setting unit configured to perform a pilot test
before a main test for the device under test, and to acquire
a test condition to be used 1n the main test. The condition
setting unit 1s configured to execute: (a) measuring a first
device characteristic value for each of multiple pilot sample
devices sampled from the devices under test 1n a state in
which a characteristic of the power supply circuit 1s emu-
lated such that it 1s close to a power supply characteristic 1n
a user environment 1n which the device under test 1s actually
used; (b) measuring a predetermined second device charac-
teristic value for each of the multiple pilot sample devices in
a state 1n which a characteristic of the power supply circuit
1s emulated such that it 1s close to that of a tester environ-
ment 1n which the main test 1s performed; and (c¢) determin-
ing the test condition based on the first device characteristic
value and the second device characteristic value.

With such an embodiment, by measuring the first device
characteristic value and the second device characteristic
value, such an arrangement 1s capable of determining the test
conditions with high precision. Furthermore, by performing
the main test using the test conditions determined by the
condition setting unit, such an arrangement i1s capable of
reducing divergence in the test results of the user environ-
ment and the tester environment.

It 1s to be noted that any arbitrary combination or rear-
rangement ol the above-described structural components
and so forth 1s eflective as and encompassed by the present
embodiments.
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Moreover, this summary of the invention does not nec-
essarily describe all necessary features so that the invention
may also be a sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which
are meant to be exemplary, not limiting, and wherein like
clements are numbered alike 1n several Figures, in which:

FIGS. 1A through 1C are diagrams for describing the
divergence in the test results;

FI1G. 2 1s a block diagram showing a configuration of a test
apparatus according to an embodiment;

FIG. 3A 1s a circuit diagram showing a configuration of a
digital circuit, and FIG. 3B 1s a time chart for describing 1ts
operation;

FIG. 4A 1s a diagram showing propagation delay mea-
sured for 100 sample devices 1n the tester environment and
in the user environment, and FIG. 4B 1s a diagram showing
the relation between the propagation delay in the tester
environment and the propagation delay 1n the user environ-
ment;

FIG. 5A 1s a histogram (probability density distribution)
(1) of the propagation delay in the user environment, and
FIG. 5B 1s a histogram (11) of the propagation delay 1n the
tester environment;

FIG. 6 1s a diagram showing the relation between the first
device characteristic value and the second device character-
1stic value;

FIG. 7A 1s a diagram showing the first device character-
istic value and the second device characteristic value mea-
sured for multiple pilot sample devices, and FIG. 7B 1s a
diagram showing the propagation delay measured for 100
sample devices;

FIG. 8 1s a diagram showing the relation between the first
device characteristic value and the second device character-
1stic value according to a first modification; and

FIG. 9 1s a diagram showing the relation between the first
device characteristic value and the second device character-
1stic value according to a second modification.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The 1nvention will now be described based on preferred
embodiments which do not intend to limit the scope of the
present mvention but exemplity the invention. All of the
features and the combinations thereol described in the
embodiment are not necessarily essential to the mvention.

In the present specification, the state represented by the
phrase “the member A 1s connected to the member B”
includes a state in which the member A 1s indirectly con-
nected to the member B via another member that does not
aflect the electric connection therebetween, 1n addition to a
state 1n which the member A 1s physically and directly
connected to the member B. Similarly, the state represented
by the phrase “the member C 1s provided between the
member A and the member B” includes a state in which the
member A 1s indirectly connected to the member C, or the
member B 1s indirectly connected to the member C via
another member that does not aflect the electric connection
therebetween, 1n addition to a state 1n which the member A
1s directly connected to the member C, or the member B 1s
directly connected to the member C.
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FIG. 2 1s a block diagram showing a configuration of a test
apparatus 2 according to an embodiment. The test apparatus
2 1includes a power supply circuit 10, a judgment unit 20, and
a condition setting unit 40.

A DUT 1 includes multiple pins. At least one of the
multiple pins 1s a power supply terminal P1 configured to
receive the power supply voltage V. At least one of the
other pins 1s configured as a ground terminal P2. Multiple
input/output (I/0) terminals P3 are each arranged 1n order to
receive data from an external circuit, and/or to output data
to an external circuit. In the test operation, via the mput/
output terminals, the DUT 1 1s configured to receive a test
signal (test pattern) S~ output from the test apparatus 2,
and/or to output data that corresponds to the test signal S,
to the test apparatus 2.

The judgment unit 20 1s configured to supply the test
pattern S .. to the DUT 1, to receive the data S, - output
from the DUT 1 in response to the test pattern S ., and to
compare the data S,;,-thus recetved with an expected value,
so as to judge the quality of the DUT 1, or so as to identily
a defect position and a defect mode.

The judgment unit 20 includes a pattern generator 22, a
timing generator/format controller 24, a driver 26, a com-
parator 28, a latch 30, a digital comparator 32, and a {fail
memory 34. It should be noted that FIG. 2 shows only a
single channel configuration. However, the number of chan-
nels of an actual test apparatus 1s on the order of several
hundreds to several thousands.

The pattern generator 22 1s configured to generate a
pattern signal S ... which represents the test pattern S, to
be supplied to the DUT 1, and an expected value signal
S+ The timing generator 24 1s configured to generate a
timing signal and a strobe signal S, ... The waveform
shaper 24 1s configured to adjust the edge timing of the
pattern signal according to the timing signal, and to control
the signal format (RZ or NRZ) of the pattern signal. The
driver 26 1s configured to receive the pattern signal shaped
by the wavetorm shaper 24, and to output the pattern signal
thus received as the test pattern S,

The comparator 28 1s configured to compare the signal
S - irom the DUT 1 with a threshold voltage V -, and to
judge the level of the signal S, . The latch 30 1s configured
to latch the output of the comparator 28 at a timing of the
strobe signal S..»5. The digital comparator 32 1s configured
to compare the output of the latch 30 with the expected value
signal S..». The digital comparator 32 1s configured to
generate a pass/fail signal which indicates “pass™ when the
two signals match each other, and which idicates “fail”
when the two signals do not match. The fail memory 34 1s
configured to store the pass/fail result output from the digital
comparator 32.

It should be noted that the configuration of the judgment
unmit 20 1s not restricted 1 particular. Rather, the judgment
umt 20 may have another configuration.

The power supply circuit 10 1s configured to supply a
power supply signal to the DUT 1. The power supply signal
1s configured as a DC voltage (power supply voltage V)
having a stabilized voltage level, or otherwise as a DC
current (power supply current 1,,) having a stabilized
current value.

The configuration of the test apparatus 2 described above
1s the same as that of a typical test apparatus.

As described above, there 1s a diflerence 1n the power
integrity between the user environment and the tester envi-
ronment, which leads to a problem. That 1s to say, this leads
to divergence in the test results. Specifically, this leads to
yield loss (overkill) or undesired test escape (underkill).




US 9,702,929 B2

S

Description will be made below regarding a configuration of
the test apparatus 2 configured to solve the problem of
divergence 1n the test results.

In order to solve the problem of divergence in the test
results, a main test, and a pilot test which 1s performed
before the main test, are performed. In the present specifi-
cation, the main test represents a test which 1s performed 1n
mass production in which the number of DUTs 1 to be
subjected to quality judgment 1s on the order of several
thousands or several tens of thousands.

On the other hand, the pilot test 1s performed before the
main test for the DUTs 1. In the pilot test, several to several
tens, or otherwise several hundreds, of samples (which will
be referred to as “pilot samples™) are randomly sampled
from among the multiple DUTs 1, and only the DUTs 1 thus
randomly sampled are tested.

The pilot test 1s executed by the test apparatus 2 shown in
FIG. 2. Thus, the test apparatus 2 shown in FIG. 2 will also
be referred to as the “pilot tester” hereafter. On the other
hand, 1t 1s not necessary to perform the main test using the
same test apparatus 2 as shown 1n FIG. 2. That 1s to say, the
main test 1s performed by means of multiple different test
apparatuses. The test apparatuses prepared in order to per-
form the main test will be referred to as the “main tester”
hereafter.

The condition setting unit 40 1s configured to acquire the
test conditions to be set for the main tester in the main test
based on the test result obtained in the pilot test executed
before the main test for the DUT 1. By performing the main
test of the DUT 1 by means of the main tester using the test
conditions acquired by the condition setting unit 40, such an
arrangement solves the problem of divergence in the test
results.

(Theory)

It 1s known that variation occurs in device characteristics
due to process variation 1n device manufacturing or the like.
For example, 1t 1s known that, due to process variation,
variation occurs in the propagation delay in a circuit manu-
tactured using the CMOS technology. Also, with regard to
analog circuits such as amplifiers, mixers, and so forth, such
process variation leads to variation in the gain and variation
in the distortion characteristics.

Such variation leads to an undesired device characteristic
value that exceeds a limit value (threshold value) occurring
in some of the devices. Such devices cannot operate nor-
mally, and they are judged to be “defective devices”.
Description will be made below with reference to an
example 1n which defective devices occur due to variation 1n
the propagation delay, for simplification of description and
case of understanding.

FI1G. 3A 1s a circuit diagram showing the configuration of
a digital circuit. FIG. 3B 1s a time chart for describing the
operation of the digital circuit. Digital circuits such as
combinational circuits, sequential circuits, etc., are each
configured as a combination of tlip-tlops FF and logical
gates LG. The combination having the most severe timing
constraints will be referred to as the “critical path”.

A digital signal (binary bit stream) output from a given
tlip-flop (or latch) FF1 reaches the next flip-tlop FF2 via
several gate elements L.G. The flip-tflops FF1 and FF2 are
cach configured to latch the mnput signal 1n synchronization
with a clock signal CLK having a predetermined frequency.

FIG. 3B shows an output signal D1 of the tlip-tflop FF1,
the clock signal CLK, and input signals D2,, .. and D2.,,,
of the tlip-flop FF2.

The output signal D1 of the flip-tlop FF1 reaches the input
terminal of the flip-flop FF2 with a propagation delay T due
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to the logical gates LG. However, vanation occurs in the
propagation delay T for each device due to process variation.
In order for the device to operate normally, there 1s a need
to set the value of the input signal D2 of the flip-flop FF2 1n
at least a setup period T, which 1s earlier than the edge
timing of the clock CLK. This condition will be referred to
as the “timing condition”.

A device having a short propagation delay T satisfies the
timing condition. Thus, such a device operates normally. In
contrast, with a device having a long propagation delay =,
timing error occurs, leading to the device not operating
normally.

As described above, the pass/fail result obtained 1n the

function verification test for a digital circuit relates to the
propagation delay of the internal component of the digital
circuit. That 1s to say, 1t can be understood that devices
having a propagation delay that 1s greater than a certain
upper limit LMT are judged as “fail”, and devices having a
propagation delay that 1s smaller than the upper limit LMT
are judged as “pass”.

The present inventor prepared a first power supply circuit
and a second power supply circuit having different charac-
teristics. Furthermore, the present inventor measured the
propagation delay that occurred in the internal component of
cach of the multiple DUTs 1 when a power supply signal
was supplied to the DUTs 1 from the first power supply
circuit, and when a power supply signal was supplied to the
DUTs 1 from the second power supply circuit. The first
power supply circuit corresponds to the power supply circuit
(ATE PS) 1n the tester environment. The second power
supply circuit corresponds to the power supply circuit (US-
R_PS) 1n the user environment.

FIG. 4A 15 a diagram showing the propagation delay data
measured for 100 sample devices 1n the tester environment
and the user environment. FIG. 4B 1s a diagram showing the
relation between the propagation delay measured in the
tester environment and the propagation delay measured in
the user environment. As shown 1 FIG. 4B, there 1s a strong
correlation (correlation coetlicient p=0.999887) between the
propagation delay 1n the tester environment and the propa-
gation delay 1n the user environment even if the character-
1stics of the power supply circuits differ, 1.e., even if the
variation 1n the wavetorm of the power supply signal differs.
It should be noted that the above-described recognition 1s by
no means within the scope of common and general knowl-
edge of those skilled in this art. Furthermore, 1t can be said
that the present inventor has been the first to arrive at this
recognition aiter mvestigation.

FIG. SA 1s a histogram (probability density distribution)
(1) for the propagation delay data measured in the user
environment. FIG. 3B 1s a histogram (11) for the propagation
delay data measured in the tester environment. Although
there 1s a difference 1n the average value p and the dispersion
o of the propagation delay distribution thus measured
between the user environment and the tester environment,
there 1s a strong correlation between the two propagation
delay distributions. Thus, the shapes of the histograms of the
two propagation delay distributions are similar to each other.

Description will be made directing attention to the device
X having a propagation delay that 1s equal to the upper limit
LMT in the user environment. With the propagation delay of
the device X measured 1n the tester environment as LMT",
the multiple devices with a propagation delay measured in
the tester environment that 1s greater than LMT" correspond
to the multiple devices with a propagation delay measured in
the user environment that 1s greater than the upper limit
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LMT. If there 1s a strong correlation between them, the
number of these devices will match.

Thus, as shown in FIG. 5B, 1f the histogram (11) can be
transformed such that the propagation delay LMT' of the
device X measured 1n the tester environment can be shifted
to the original upper limit LMT as represented by the
histogram (111) by changing the average value and the
dispersion of the histogram while maintaining its shape, 1.¢.,
while maintaining the similarity with the histogram (1), the
same test result as that obtained 1n the user environment can
be obtained 1n the tester environment.

With the present embodiment, 1n order to shift the histo-
gram (11) to the histogram (111), the test conditions set for the
main test are optimized. Examples of such test conditions
include the power supply voltage to be supplied to the DUT
1 in the main test, the setting value of the power supply
voltage, the device operation frequency, the device tempera-
ture, and the like.

The above 1s the theory of the method for solving the
problem of divergence in the test results. Next, description
will be made regarding the optimization of the test condi-
tions.

Returnming to FIG. 2, description will be made. The power
supply circuit 10 shown 1n FIG. 2 1s configured such that its
characteristics can be changed. Specifically, the power sup-
ply circuit 10 1s configured to be capable of emulating the
characteristics of a desired power supply circuit. Such a
power supply circuit 10 can be provided using the technique
disclosed 1n Patent document 2 proposed by the present
inventor. Such an arrangement 1s capable of emulating, 1n
the pilot test, the power integrity in the user environment and
the power integrity in the tester environment.

The condition setting unit 40 1s configured to perform the
pilot test, and to acquire the test conditions to be used 1n the
main test. The condition setting unit 40 i1s configured to
execute the following processing (a) through (c).

(a) The condition setting umit 40 measures the first device
characteristic value of each of the multiple pilot sample
devices sampled from among the DUTs 1, 1n a state that 1s
close to the power supply characteristics 1n the user envi-
ronment 1n which the DUT 1 1s actually used, 1.e., 1n a state
obtained by emulating the user environment.

With the present embodiment, as the first device charac-
teristic value, the lower lmit value V,,,,n sz 0f the
power supply signal 1s employed, which 1s the lower limit of
the power supply signal which allows the DUT 1 to operate
normally when 1t 1s operated at a rated frequency.

First, the DUT 1 1s operated at a rated frequency. Next, the
setting value of the power supply signal (which will be
referred to as the “power supply voltage” V ,,, hereafter) 1s
changed. When the power supply voltage V., becomes
lower than a certain threshold value (lower limit), the device
cannot operate normally. The lower limit of the power
supply signal varies due to process variation. Thus, there 1s
a difference between devices 1n the lower limit of the power
supply signal.

Specifically, for each of the multiple pilot sample devices,
the condition setting unit 40 judges the pass/fail result for
cach level while changing the level of the power supply
voltage V 5 1n a state 1n which the operation frequency 1s
fixed. With such an arrangement, the lower limuit
V ooy usg 18 measured based on the pass/tail boundary.

(b) The condition setting unit 40 measures a predeter-
mined second device characteristic value of each of the
multiple pilot sample devices sampled from among the
DUTs 1n a state that 1s close to the power supply character-
istics 1n the tester environment in which the main test i1s
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performed. With the present embodiment, as the second
device characteristic wvalue, the lower limit value
Vppaan 4z 0f the power supply signal 1s employed, which
1s the lower limit of the power supply signal which allows
the DUT 1 to operate normally when it 1s operated at a rated
frequency, as with the first device characteristic value.

(c) The condition setting unit 40 determines the test
conditions based on the first device characteristic value and
the second device characteristic value measured for each of
the multiple pilot sample devices.

More specifically, in Step (¢), the condition setting unit 40
may execute the following processing (c-1) and (c-2).

(c-1) The condition setting unit 40 obtains the relation
between the first device characteristic value V500 1sr
and the second device characteristic value Vp 400 47z

FIG. 6 1s a diagram showing the relation between the first
device characteristic value Vi, 0 sz and the second
device characteristic value V5 0 472 FIG. 6 shows an
example 1 which four pilot sample devices are used. The
condition setting umt 40 may be configured to calculate the
relation expression y=1(x) with V5 5 7 116z @s the variable
X and with V5,00 477 as the variable y. The function
expression 1(x) may be calculated by polynomial interpola-
tion, cubic spline interpolation, least square fitting, or the
like.

(c-2) The condition setting unit 40 calculates the value
Vr 7= 0f the corresponding second device characteristic
value V,, , aan a7e based on the spec value Vi, oy deter-
mined beforechand for the first device characteristic value

VDDMW_USR‘
Specifically, the value V, ,;+ can be calculated using

the function expression y=1{x) obtained by the condition
setting unit 40. That is to say, the value V, ,, 15 set to

f(VDD_SPE C’ ) '
In a case in which the number of pilot sample devices 1s

sufliciently great, 1t 1s not entirely necessary to obtain the
relation expression 1(x). In this case, an arrangement may be
made 1n which the sample device having the first charac-
teristic value that 1s closest to the spec value V55 cprpe 18
selected, and the second characteristic value of the sample
thus selected 1s used as the value V,, .

By changing the setting value of the power supply voltage
V.- to be used in the tester environment to the value
V- 7= calculated by the condition setting unit 40 based on
the spec value V,p, spre determined for the user environ-
ment, such an arrangement 1s capable of shifting the histo-
gram (11) to the histogram (111) as shown 1n FIG. 5B. This can
be explained as follows. That 1s to say, reduction in the
device power supply voltage V ,,, leads to a reduction 1n the
operation speed of the transistors included in the CMOS
circuit, resulting in an increased propagation delay.

FIG. 7A 1s a diagram showing the first characteristic value
Vopaay usg  and  the  second  characteristic  value
Vopaay 4z measured for the multiple pilot sample
devices. It will be understood that there 1s a strong correla-
tion between the two.

Here, 1n a case in which the specifications of the DUT 1
are determined so as to guarantee normal operation with the
power supply voltage V,,=1.1 V£2%, the spec value
Vo orpe 18 determined to be 1.1x0.98~1.08 V. The second
device characteristic value V ppaan are that corresponds to
the spec value 1.08 V is 1.0097 V. |

The condition setting unit 40 1s configured to determine
the test conditions based on the value V5 . Specifically,
in the main test, the condition setting unit 40 sets the setting
value (target value) of the power supply voltage V 5 to the

value V5 47=1.0097 V.
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FIG. 7B 1s a diagram showing the propagation delay
measured for 100 sample devices. FIG. 7B shows the
propagation delay data measured i a case i which the
setting value of the power supply voltage V , 1s set to the
Vir orre 10 the user environment (the solid line), and the

propagation delay data measured 1n a case i which the
setting value of the power supply voltage V 15 set to the
Vr e 10 the tester environment (the broken line).

In FIG. 7B, a device having a delay that 1s smaller than the
upper limit LMT 1s represented by an open circle, and a
device having a delay that 1s greater than the upper limait
LMT 1s represented by an “X””. As can be clearly understood
from FIG. 7B, by optimizing the test conditions to be set for
the main test, and specifically by setting the setting value of
the power supply voltage V,, to be used 1n the tester
environment to the value V,, ,,» calculated by the condi-
tion setting unit 40, such an arrangement allows the upper
limit LMT 1n the tester environment, which 1s to be set for
the histogram of the propagation delay distribution mea-
sured 1n the tester environment, to match the upper limit 1n
the user environment.

The above 1s the acquisition of the test conditions by
means ol the condition setting unit 40.

Next, description will be made regarding the main test.
The main test 1s performed using a main tester that diflers
from the test apparatus 2 shown 1n FIG. 2.

The main tester may have the same configuration as that
ol the test apparatus 2 shown 1n FIG. 2 except that the main
tester does not 1include the condition setting unit 40 and/or
the power supply circuit 10 does not have the emulating
function.

In the main test operation, the setting value of the power
supply voltage V 5, which 1s to be generated by the power
supply circuit 10, 1s set to the value V,,,, ,.. determined by
the condition setting unit 40. In this state, the main tester is
configured to perform quality judgment for a great number
of DUTs 1. It should be noted that, in the main test, the
device characteristic value itself 1s not measured, and the
function verification test 1s performed.

With the test apparatus 2, such an arrangement 1s capable
of solving the problem of divergence in the test results
between the user environment and the tester environment.
Thus, such an arrangement suppresses overkill and yield
loss.

Furthermore, 1n mass production, multiple main testers
are used. Such multiple main testers may be configured to
have different power supply circuit characteristics. In this
case, 1n the same way as described above, one or otherwise
several of the pilot testers 1s/are prepared 1including a power
supply circuit having variable power supply characteristics.
Furthermore, the power supply environments (tester envi-
ronments) provided by the multiple main testers may each
be emulated by the pilot tester thus prepared so as to
determine the test conditions for each main tester.

Another advantage of the test apparatus 2 according to the
embodiment 1s clearly understood 1n comparison with com-
parison techniques.

[Comparison Technique 1]

In order to solve the problem of divergence in the test

results, another approach 1s conceivable 1 which passes/

tails are counted 1n the tester environment and passes/fails
are counted 1n the user environment, and the test conditions
are estimated such that the test results obtained in these two
environments statistically match each other. However, with
such a comparison technique 1, 1n order to determine the test
conditions with high precision, there 1s a need to acquire the
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quality judgment results for a great number (on the order of
several tens of thousands) of devices under test.

In contrast with the comparison technique 1, with the test
apparatus 2 according to the embodiment, such an arrange-
ment 1s required to measure only several to several hundreds
of pilot sample devices to determine the test conditions with
high precision.

I1 the test conditions are determined using the comparison
technique 1 based on the quality judgment results obtained
for a small number of devices under test, such an arrange-
ment provides the test conditions with poor precision. Thus,
such an arrangement cannot improve the divergence in the
test results (overkill and underkaill). In this situation, because
defective devices must not be shipped, there 1s a need to set
the test conditions to more severe values than the test
conditions determined using the comparison technique 1.
This leads to increased overkill (yvield loss). With the test
apparatus 2 according to the embodiment, such an arrange-
ment 1s capable of estimating suitable test conditions with
high precision, thereby further reducing divergence in the
test results as compared with the comparison technique 1.
[Comparison Technique 2]

Also, 1 order to solve the problem of divergence 1n the
test results, yet another approach 1s conceivable 1n which the
main testers each include a power supply circuit having
variable power supply characteristics, and are each config-
ured to emulate the power supply characteristics 1n the user
environment. However, currently popular testers in wide-
spread use do not mount such a power supply circuit. It 1s
unrealistic from the cost viewpoint for the power supply
circuits of all main testers to be replaced by power supply
circuits having variable power supply characteristics. With
the present embodiment, it 1s suflicient for there to be at least
one pilot tester including a power supply circuit which 1s
capable of emulating desired power supply characteristics.
Thus, such an arrangement 1s capable of reducing diver-
gence 1n the test results, with a low cost.

Description has been made regarding the present mnven-
tion with reference to the embodiment. The above-described
embodiment has been described for exemplary purposes
only, and 1s by no means intended to be interpreted restric-
tively. Rather, 1t can be readily conceived by those skilled 1n
this art that various modifications may be made by making
various combinations of the aforementioned components or
processes, which are also encompassed 1n the technical
scope ol the present invention. Description will be made
below regarding such modifications.

[First Modification]

Description has been made 1n the embodiment regarding,
an arrangement in which the lower limit value of the power
supply voltage 1s employed as the first characteristic value
and the second characteristic value. However, the present
invention 1s not restricted to such an arrangement.

With the first modification, as the first characteristic value,
the propagation delay t,,.» of a predetermined path (e.g., the
critical path) in the DUT 1 in the user environment 1is
employed. Furthermore, as the second characteristic value,
the lower lmit value V., 47z 0f the power supply
signal 1n the tester environment 1s employed.

The measurement method for the propagation delay T, .~
1s not restricted 1n particular. For example, the propagation

delay may be measured according to the following proce-
dure.

That 1s to say, the quality of the DUT 1 1s judged for each
operation frequency while sweeping the operation frequency
of the DUT 1. With such a test, the upper limit of the
frequency that allows the DUT 1 to operate normally 1s
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obtained. The reciprocal of the upper limit of the operation
frequency can be considered to be approximately the same
as the propagation delay t,,.» of the critical path.

FIG. 8 1s a diagram showing the relation between the first
device characteristic value T, and the second device
characteristic value V5,00 47z The spec value Xgpz-
determined for the first device characteristic value T, 1s
the upper limit LMT of the propagation delay that allows the
DUT 1 to operate normally.

With the first device charactenistic value t,,.» as x and
with the second device characteristic value V5 50 47 @S
y, when the relation y=1(x) holds true, the condition setting,
unit 40 sets the value of the power supply voltage V , used
in the main test to V,,, ,=I(LMT).

Such a modification also reduces divergence in the test
results.

[Second Modification]

With the second modification, as the first device charac-
teristic value and the second device characteristic value, the
upper limit of the operation frequency that allows the DUT
1 to operate normally when a rated power supply signal 1s
supplied to the DUT 1 1s employed.

In this case, the spec value X .- 15 determined based on
the rated operation frequency of the DUT 1. For example, in
a case 1 which the DUT 1 1s configured as a device
guaranteed to operate at 1 GHz, the spec value X ..~ 15
determined to be 1 GHz.

FIG. 9 1s a diagram showing the relation between the first
device characteristic value 1,,,+ -~ and the second device
characteristic value f, ;- .- according to the second modi-
fication. With the first device characteristic value f,,, ;/sx
as x and with the second device characteristic value
t,,.v 47 as vy, when the relation y=I(x) holds true, the
condition setting unit 40 sets the operation frequency of the
DUT 1 to be used 1n the main test to y ,,.=1(X,-~). Such
a modification also reduces divergence in the test results.
| Third Modification]

As the first device characteristic value, the lower limit
value Vpp a0 sg Of the power supply signal that allows
the DUT 1 to operate normally when the DUT 1 1s operated
at a rated operation frequency 1s employed. Furthermore, as
the second device characteristic value, the upper limit value
t, ..+ 477 O the operation frequency that allows the DUT 1
to operate normally when a rated power supply signal is
supplied to the DUT 1 1s employed. The spec value X 5.
1s determined based on the rated value of the power supply
signal. With the first device charactenistic value
V ooy usg @s X and with the second device characteristic
valuet,, . ,-~ asy, when the relation y=I(x) holds true, the
condition setting unit 40 sets the operation frequency, at
which the DUT 1 1s operated in the main test, to y , =1
(Xspec)-

Such a modification also reduces divergence in the test
results.
|[Fourth Modification]

As the first device characteristic value, the upper limait
value 1,,,+ <= Of the operation frequency that allows the
DUT 1 to operate normally when a rated power supply
signal 1s supplied to the DUT 1 i1s employed. Furthermore,
as the second device characteristic value, the lower limit
value V5 a0 47z Of the power supply signal that allows
the DUT 1 to operate normally when 1t 1s operated at the
rated frequency 1s employed. The spec value X, .- 1s
determined based on the rated operation frequency of the
DUT 1. With the first device charactenistic value 1,,,+ /7op
as x and with the second device characteristic value

Vopaawy are 8 Y, when the relation y=1(x) holds true, the
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condition setting unit 40 sets the setting value of the power
supply signal, which 1s to be supplied to the DUT 1 in the
main test, 10 Y, ~~1(Xcrr).

Embracing the embodiment and the first through the
fourth modifications, the following technical concept can be
derived.

The first device characteristic value and the second device
characteristic value may be configured as a desired combi-
nation of the following characteristic values (1) through (1v).

(1) The lower limit value Vp , ., 0f the power supply
signal that allows the DUT 1 to operate normally when the
DUT 1 1s operated at the rated frequency.

(1) The propagation delay T of a predetermined path of the
DUT 1 that occurs when the rated power supply signal 1s

supplied to the DUT 1.

(111) The upper limit value 1,,,, (of the operation fre-
quency that allows the DUT 1 to operate normally when the
rated power supply signal 1s supplied to the DUT 1.

Description has been made above assuming that the
temperature 1s maintained at a constant value. However, the
propagation delay t also changes according to a change in
the temperature. Thus, the temperature may be selected as
the first characteristic value or the second characteristic
value.

(1v) The upper limit value or the lower limit value of the
temperature that allows the DUT 1 to operate normally when
a rated power supply signal 1s supplied to the DUT 1 and
when the DUT 1 1s operated at a rated frequency.

Description has been made above directing attention to
the defect mode caused by the propagation delay. However,
the present invention 1s not restricted to such an arrange-
ment. Rather, the present invention can be applied to various
kinds of semiconductor device tests.

For example, the DUT 1 may be configured as an analog
amplifier, mixer, or the like. In this case, examples of the first
characteristic value and the second characteristic value also
include the power supply voltage, temperature, the cutoil
frequency 1t or the maximum oscillation frequency 1,5 of
a transistor element, the input voltage amplitude, the mnput
voltage range, and the like.

Also, the DUT 1 may be configured as a light receiving
clement such as a CCD (Charged Coupled Device), CMOS
sensor, or the like. As the unique characteristic value of such
a light receiving element, the input light amount may be
employed.

Description has been made 1n the embodiment regarding
an arrangement 1 which the power supply circuit 10 1s
configured to emulate the power supply characteristics 1n the
user environment and in the tester environment when the
first device characteristic value and the second device char-
acteristic value are measured. However, the present inven-
tion 1s not restricted to such an arrangement. For example,
in the user environment, the first device characteristic value
may be actually measured for the multiple pilot sample
devices. In addition to or instead of the measurement of the
first device characteristic value, the second device charac-
teristic value may be actually measured for the multiple pilot
sample devices 1n the tester environment. In this case, the
condition setting unit 40, which 1s configured to set the
conditions of the power supply circuit 10, may preferably
execute the processing (c).

While the preferred embodiments of the present invention
have been described using specific terms, such description 1s
for 1llustrative purposes only, and 1t 1s to be understood that
changes and variations may be made without departing from
the spirit or scope of the appended claims.




US 9,702,929 B2

13

What 1s claimed 1s:

1. A test apparatus configured to test a device under test,

the test apparatus comprising:

a judgment unit configured to judge a pass/fail of the
device under test;

a power supply circuit configured to allow a characteristic
thereof to be changed, and to supply a power supply
signal to the device under test; and

a condition setting unit configured to perform a pilot test
before a main test for the device under test, and to
determine a value of the power supply signal to be
supplied to the device under test in the main test,

wherein the condition setting unit 1s configured to
execute:

(a) measuring a first device characteristic value for each of
a plurality of pilot sample devices sampled from the devices
under test in a state in which a characteristic of the power
supply circuit 1s emulated such that the characteristic of the
power supply circuit 1s close to a power supply characteristic
in a user environment in which the device under test is
actually used;

(b) measuring a second device characteristic value for each
of the plurality of pilot sample devices 1n a state 1n which a
characteristic of the power supply circuit 1s emulated such
that the characteristic of the power supply circuit 1s close to
that of a tester environment in which the main test 1s
performed; and

(¢) determining the value of the power supply signal used 1n
the main test based on the first device characteristic value
and the second device characteristic value,

wherein the second device characteristic value represents
a lower limit value of the power supply signal that
allows the device under test to operate normally when
the device under test 1s operated at a rated frequency.

2. The test apparatus according to claim 1, wherein, 1n the

alorementioned step (c), the condition setting unit 1s con-
figured to perform:

(c-1) obtaining a relation between the first device char-
acteristic value and the second device characteristic
value; and

(c-2) based on the relation, acquiring the second device
characteristic value that corresponds to a spec value
X opre determined for the first device characteristic
value; and

(c-3) setting the value of the power supply signal used 1n
the main test to the acquired second device character-
1stic value.

3. The test apparatus according to claim 1, wherein the

first device characteristic value represents a lower limait
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value of a power supply signal that allows the device under
test to operate normally when the device under test i1s
operated at a rated frequency.

4. The test apparatus according to claim 3, wherein a spec
value X .-~ 1s determined based on a rated value of the

power supply signal,
and wherein, with the first device characteristic value as
a variable x and with the second device characteristic
value as a vanable y, when the second device charac-
teristic value 1s represented by a function y=1(x), the
value of the power supply signal used 1n the main test
18 set 10 Y47 1(Xspec).

5. The test apparatus according to claim 1, wherein the
first device characteristic value represents a propagation
delay of a predetermined path of the device under test when
a rated power supply signal 1s supplied to the device under
test.

6. The test apparatus according to claim 5, wherein the
spec value X -~ 15 determined based on an upper limit
value of the propagation delay that allows the device under
test to operate normally,

and wherein, with the first device characteristic value as

a variable x and with the second device characteristic
value as a vanable y, when the second device charac-
teristic value 1s represented by a function y=1(x), the
value of the power supply signal used in the main test
1s set 10 Y71 Xsprc).

7. The test apparatus according to claim 1, wherein the
first device characteristic value represents an upper limait
value of an operation frequency that allows the device under
test to operate normally when a rated power supply signal 1s
supplied to the device under test.

8. The test apparatus according to claim 7, wherein a spec
value X.,.~ 1s determined based on a rated operation
frequency of the device under test,

and wherein, with the first device characteristic value as

a variable x and with the second device characteristic
value as a vanable y, when the second device charac-
teristic value 1s represented by a function y=1(x), the
value of the power supply signal used in the main test
1s set 10 Y71 Xsprc).

9. The test apparatus according to claim 1, wherein the
first device characteristic value represents an upper limait
value or otherwise as a lower limit value of a temperature
that allows the device under test to operate normally when
a rated power supply signal 1s supplied to the device under
test and when the device under test 1s operated at a rated
frequency.
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